Vaginitis is one of the most recurrent conditions that afflict women and require medical care. Vulvovaginal candidiasis (VVC) is frequently related to vaginal carriage of Candida albicans, an opportunistic polymorphic fungus, which colonizes the human skin, the mucosa and the reproductive tract. Actually, standard treatments to counteract vaginitis include several topical and oral treatments. The aim of this study was to evaluate the efficacy of a new biguanide compound, polyhexamethylene biguanide (PHMB) in avaginal solution, in women affected by vaginal candidiasis. For this reason, 40 women showing the symptoms previously ascribed to vaginal candidiasis were recruited and treated with a single PHMB dose of vaginal solution. After a single dose of treatment, 80% of them had a complete resolution of the fungal infection; furthermore, all of them reported clinical benefits, statistically significant reduction in both clinical signs and symptoms of candidiasis and a score's reduction of 50%.
Introduction
Vaginitis represents one of the most recurrent conditions for which women need medical care and it can be due to a wide variety of causes, often associated with infections or atrophic changes. The most common infections include bacterial vaginosis, vulvovaginal candidiasis and trichomoniasis. Among them, vulvovaginal candidiasis (VVC) is often related to vaginal carriage of Candida spp. [1] . Over the years, VVC has been classified into two different subtypes related to the duration and the frequency of the disease: uncomplicated/acute VVC or recurrent/complicated VVC. The first one is characterized by sporadic and infrequent C. albicans infections. It is a common condition that affects 75% of women during their lives. The other form (RVVC) is defined as 4 or more episodes (of VVC) in a year, involving about 5% of women usually due to non-C. albicans species [2] . Almost all the patients with vaginitis report more than one of the following symptoms: itching, burning, pain, vulvar redness and vaginal mucosa often associated to vaginal discharge. Clinical symptoms include vulvar oedema, erythema and scratches. Although Candida albicans is an opportunistic polymorphic fungus, usually found in the normal vaginal microbiota. Its transition from yeast to hyphae is under control of a complex set of environmental sensors and it is responsible for the virulence of this pathogen [3] . Standard regimens for uncomplicated vulvovaginal candidiasis include various topical treatments or a single oral dose of fluconazole 150 mg, an agent that may cause some side effects (gastrointestinal issues, headache, dizziness, rashes) [4] . Topical treatments of acute vulvovaginal candidiasis (administration schedule from 1 to 7 days) include drugs like nystatin, imidazoles, ciclopiroxolamine, triazoles and antimycotic creams in several pharmaceutical dosage forms, such as vaginal tablets, suppositories or creams. All the different regimens produced similarly good clinical and mycological results, even though these substances may influence the physiological vaginal flora [5] . Some alternative, such as topical antiseptics, may be used as protective agents against fungal vaginitis, such as chlorhexidine. However, the efficacy of such products has shown some bounds due to the contact time with vaginal mucosa [6] . Polyhexamethylene biguanide (PHMB) is a new antiseptic agent that showed good results in different therapeutic areas, including gynaecology as treatment for bacterial infections [7] [8] [9] [10] [11] . The aim of this pilot study was to test PHMB as a new approach to treat vulvovaginal candidiasis infections. 
Patients and Methods

Between
Statistical Analysis
A statistical analysis of the data collected during the study was performed. The few patients led us to adopt Fisher's exact test for assessing significance instead of chi-square, for the whole data set regarding score analysis. P < 0.0001 was estimated extremely significant. Student's T test was used to assess significance in total score's reduction.
Results
The socio-demographic characteristics of enrolled patients is shown in Table 1 . The average age of these women was 33.5 (SD ± 4) and average BMI was 23.1 (SD ± 3.3). All the 40 patients accomplished the cure and completed the planned screening in 21 days.
No side effects were reported on the group and all of them adhered to the treatment, because of the easier use of PHMB single-dose self-administration.
All the patients experienced a clinical benefit with PHMB 0.10% vaginal solution. A statistically significant reduction of all symptoms and clinical signs was registered in the entirety of subjects. In particular, for what concerns symptoms, there was a decrease of 33% in itching, 25% in burning and 27% in inflammation, compared to the starting percentages ( Figure 1 ). In general, the difference (Δ) between pre-treatment (T0) and at the end of the study (T1) was included between 25% and 33% for symptoms and between 10% and 18% for signs, as shown in Figure 1 . At the end of the study there was a significant total score's reduction of 50% (Table 2) .
Furthermore, regarding the clearance of infection, before treatment (T0) 40 patients were affected by candidiasis and 6of them accused a mixed infection. Instead, at T1, 32 patients (80%) did not show candidiasis and no one presented mixed infection (Table   3 ). and at the end of the study (T1). Fisher's exact test. ***P < 0.0001; **P < 0.001. Table 3 . Infection's clearance between pre-treatment (T0) and at the end of the study (T1).
Pre-treatment (T0) n˚ (%) Ending study (T1) n˚ (%)
Mixed infections 6 (15%) none
Discussion
Vaginitis is a complex disease requiring a perfect sequence of events to start the infection. The microbiology of vagina is a complex example of microbial colonization hosting different types of microorganisms. Normally, if there is a balance between these organisms and microenvironment, health is guaranteed, in other cases several complex factors contribute to initiate infection [12] . Vaginal candidiasis (VVC) is one of the recurring infections in women. It has been estimated that 50% -75% of women are affected by VVC at some points in their lives [13] . In a previous study of Glover and Larsen [14] , the results of subsequent cultures of vaginal flora specimens obtained from women who were followed throughout pregnancy, indicated that Candida species might be present in stable association with the genital epithelium. If the number of colony-forming units of Candida species that are present in the tissue-invasive form significantly increases, then vulvovaginal candidiasis occurs [15] . The first step between colonisation and infection is the adhesion of the Candida to the vaginal epithelium with the help of mannoproteins [16] . Overall, several properties of C. albicans play a relevant role in the ongoing disease: morphogenesis, secreted factors and biofilm formation. The transition from yeast to hyphae is under the control of a complex set of environmental sensors and has been considered the highest virulence factor of this pathogen [3] . This transition time causes mechanical disruption of the epithelial surface and augments the expression of fungal virulence factors [17] . Previous studies showed that some components of cell wall surface could be responsible of the invasion and aggressiveness of this fungus [18] . Furthermore, C. albicans also produces a number of secretory product connected to the development of infection [19] [6] . In this scenario, the aim of this pilot uncontrolled study was to test the efficacy of a new biguanide compound, PHMB vaginal solution, for the treatment of vulvovaginal candidiasis. PHMB is usually known as polihexanide and it is one of the modern antiseptic preparation combining a broad antimicrobial spectrum with low toxicity and high tissue compatibility [27] . It belongs to the chemical family of antiseptic biguanides. It has been used since the early nineteen-fifties as a hard surface disinfectant, water treatment agent (algaecide and sanitizer, in swimming pools, SPAs and water tanks), and preservative agent in several products due to its bacteriostatic or bactericidal properties. Previous studies showed that PHMB is effective against pathogens such as bacteria, amoebae and yeast [28] [32] . The antimicrobial activity of PHMB is due to the exclusive interaction with acidic and negatively charged phospholipids in the bacterial membrane. One additional feature is that, this interaction tends to become concentrated around any point of maximum charge density within the membrane [33] [34] . It has been shown that integral proteins constitute such sites. The initial interactions of PHMB and the membrane is concentrated around such proteins, leading to a loss of their function by inflicting changes in their boundary phospholipid environment. This interaction leads to increased fluidity, permeability, and loss of integrity of membranes, followed by the disruption of the bacterial metabolism and the death of the organism [35] [36] . The ability of PHMB to create single lipid domains within heterogeneous lipid-bilayers is clearly a function of polymer chain length with longer polymers, being able to form the larger domains and hence the greater perturbation of membrane function. As antibacterial, PHMB was recognized as possessing superior antimicrobial effect to other cationic biocides and this may be related to its chemical structure, constituted by 10 -12 monomers. Moreover, in comparison to other antiseptics, PHMB was the most suitable agent with a biocompatibility index (BI) greater than 1 combined with a low cytotoxicity [34] [37] [38] . The PHMB therefore, not only embodies the attributes of the bis-biguanides in terms of antimicrobial action, but it does not affect the saprophyte flora of vagina [10] . 
Conclusion
The results showed herein prove the efficacy and safety of PHMB as a new therapeutic approach for vaginal candidiasis infection. However, this study has some limitations due to the number of cases and the absence of a control group. Therefore, additional
prospective clinical trials in a large cohort of women are necessary to confirm our results. Furthermore, it could be interesting to evaluate the long-term effects on the recurrence of vaginal infections, after a treatment with this agent.
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